Middle East respiratory syndrome coronavirus (MERS-CoV) is a novel coronavirus initially identified in Saudi Arabia in September 2012 \[[@CIU226C1]\]. The first described case resulted in acute pneumonia and subsequent renal failure and death, and had similarities with the clinical presentation of SARS \[[@CIU226C1]\]. In a retrospective testing, the first hospital outbreak of MERS-CoV infection was linked to a hospital in Zarqa, Jordan \[[@CIU226C2]\]. MERS-CoV causes sporadic infections and intrafamilial and healthcare-associated infections \[[@CIU226C3], [@CIU226C4]\]. Since the first case was identified, a total of 162 cases with a fatality rate of 39.5% have been reported from Saudi Arabia \[[@CIU226C5]\]. Asymptomatic and mildly symptomatic cases were documented among family and healthcare worker contacts of confirmed cases \[[@CIU226C6]\]. Patient-to-patient transmission and intrafamilial transmissions were also reported \[[@CIU226C7]--[@CIU226C9]\].

As of 18 March 2014, a total of 198 cases worldwide had been reported to the World Health Organization \[[@CIU226C10]\]. Initial cases appeared to be sporadic in nature and were epidemiologically linked to the Middle East. Between 1 April and 23 May 2013, a total of 23 cases of MERS-CoV infection were reported in a hospital outbreak in the Eastern Province of Saudi Arabia \[[@CIU226C11]\]. The clinical presentation and characteristics of MERS-CoV patients have been well described \[[@CIU226C12]\]. Because MERS-CoV is still a fairly new disease, there is a paucity of data regarding the characteristics of and differences between suspected patients whose tests were subsequently negative, and laboratory-confirmed cases. Such a study would be useful in triaging patients into risk categories to determine the likelihood of MERS-CoV infection. We undertook this study to identify possible clinical characteristics that may differentiate MERS-CoV--positive patients from MERS-CoV--negative patients with community-acquired pneumonia (CAP).

METHODS {#s2}
=======

In this case-control study, "cases" were defined as hospitalized patients who tested positive for MERS-CoV between 1 April 2013 and 3 June 2013. The controls were selected from the pool of patients admitted to the same facility during the same timeframe who met the case definition of suspected MERS-CoV and tested negative for MERS-CoV. The case definition of suspected MERS-CoV was an acute febrile respiratory illness (fever, cough, or dyspnea) with radiographic evidence of pneumonia. The study was conducted at a 350-bed general hospital that also accepts referred patients. The hospital provides medical care for about 370 000 individuals eligible for medical care. The hospital has 5 intensive care units (cardiac, medical, surgical, pediatric, and neonatal).

MERS-CoV Testing {#s2a}
----------------

Patients suspected to have MERS-CoV infection had either Dacron-flocked nasopharyngeal swabs or tracheal aspirates. These specimens were submitted to the Saudi Ministry of Health MERS-CoV laboratory and the clinical samples were screened with real-time reverse-transcription polymerase chain reaction as described previously \[[@CIU226C12], [@CIU226C13]\]. The test amplified both the upstream E protein (upE gene) and ORF1a for MERS-CoV. A positive case was determined if both assays were positive, and controls were classified when the MERS-CoV test was negative, as described previously \[[@CIU226C12]\].

Data Collection {#s2b}
---------------

We collected data for all patients using a standard Microsoft Excel spreadsheet. The paper chart and electronic medical record reviews were conducted by practicing physicians. A second review of 20% of the charts was done by a different investigator to ensure concordance of the abstracted data. Interrater agreement was high for all variables. The investigators were not blinded to the MERS-CoV status (positive or negative). We collected epidemiological, demographic, clinical, radiographic, and laboratory data. Radiographic features of chest radiographs were extracted from the radiographic reports based on the search for keywords such as *lobar*, *unilateral*, and *interstitial infiltrate*.

Statistical Analysis {#s2c}
--------------------

Statistical analysis was done using SPSS software for Windows, version 11 (SPSS, Chicago, Illinois). Descriptive analyses were done for demographic, clinical, and laboratory data. Bivariate analysis of association of MERS-CoV status and different parameters was done. Continuous data, such as complete blood count, lactate dehydrogenase (LDH), hepatic panel, and platelet count, were converted into categorical variables (normal, low, or high levels). Multivariate analysis was not performed due to the small sample size. The odds ratio (OR) was obtained for each variable as well. A *P* value of \<.05 was considered to indicate statistical significance. The Kaplan-Meier survival curve was calculated for MERS-CoV--positive cases vs controls. Date of onset of symptoms was used as the starting date. Endpoint was either death or survival as of 30 November 2013. We conducted a death certificate search of medical records to determine if any patients who were alive at discharge subsequently died, and these data were included in our analysis when applicable.

RESULTS {#s3}
=======

During the study period, a total of 99 patients were admitted and met the case definition of suspected MERS-CoV. There were 17 cases and 82 controls. The mean age was 60.7 years for the cases, and 57 years for the controls (*P* = .553). No statistical differences existed between cases and controls when looking at sex, age, the presence of a fever or cough on admission, and whether the patient had a single or multilobar infiltrate on chest radiography (Table [1](#CIU226TB1){ref-type="table"}). The MERS-CoV cases were more likely to be overweight than the controls (mean body mass index, 32.02 ± 6.78 kg/m^2^ vs 27.78 ± 7.6 kg/m^2^; *P* = .03; Table [1](#CIU226TB1){ref-type="table"}). Table 1.Comparison of Various Characteristics on AdmissionCharacteristicCases (n = 17)Controls (n = 82)Odds Ratio95% CI*P* ValueDemographics Male sex11 (65)46 (36)1.43.48--4.25.596 Age, y, median (range)62 (14--87)59 (5--92)n/an/a.553 Weight, kg, mean (SD)82.25 (14.4)71.84 (23.7)n/an/a.085 Body mass index, mean (SD)32.02 (6.78)27.78 (7.6)n/an/a.036Comorbidities Diabetes13 (87)35 (47)7.241.53--34.37\*.015 Cardiac disease8 (53)32 (42)1.57.52--4.78.423 Pulmonary disease (any)6 (40)30 (40)0.98.32--3.03.96 Constructive pulmonary disease4 (27)13 (18)1.62.45--5.91.46 Congestive heart failure3 (20)18 (24)0.79.20--3.12.73 End-stage renal disease (on dialysis)5 (33)5 (7)71.72--28.55\*.012 Cancer1 (7)11 (15)0.41.05--3.43.11Symptoms Onset to admission, d, median (range)3 (0--45)3 (0--69)n/an/an/a Fever6 (40)47 (63)0.4.13--1.23.1 Shivering1 (7)10 (17)0.34.04--2.85.29 Dyspnea10 (67)55 (75)0.65.20--2.17.75 Chest pain1 (7)22 (32)0.16.02--1.31.056 Wheezing2 (14)11 (17)0.82.16--4.18.809 Cough12 (86)57 (77)1.79.36--8.79.469 Hemoptysis1 (7)3 (5)1.45.14--15.03.753 Sore throat1 (7)8 (13)0.46.05--4.03.477 Headache1 (7)2 (3)1.96.17--23.25.586 Myalgias1 (7)11 (19)0.31.04--2.63.261 Vomiting1 (7)3 (4)1.55.15--16.00.712 Diarrhea1 (7)4 (6)1.14.12--11.02.908 Tachypnea4 (27)45 (60)0.24.07--.83\*.031 Respiratory distress2 (15)38 (51)0.15.03--.69\*.012 Hypoxia, oxygen saturation \<95%4 (27)35 (47)0.42.12--1.42.059Laboratory findings Leukocytosis2 (12)34 (42)0.18.04--.86\*.025 Normal white blood cell count14 (82)42 (52)4.331.16--16.24\*.029 Lymphopenia6 (35)14 (17)2.57.81--8.12.103 Elevated ALT3 (18)7 (8)3.61.75--17.24.107 Elevated AST9 (53)26 (32)2.31.73--7.25.152 Elevated LDH8 (47)24 (29)1.95.63--6.06.247Chest radiography findings Single infiltrate6 (40)27 (35)1.21.39--3.76.79 Multiple infiltrates9 (60)34 (45)1.85.60--5.72.495 Interstitial infiltrate10 (67)15 (20)8.132.42--27.36\*.001 Cardiomegaly8 (53)16 (21)4.291.35--13.60\*.025Treatment received Admitted to ICU8 (53)15 (20)4.651.46--14.84\*.025[^1][^2][^3]

Bivariate Analysis {#s3a}
------------------

The results of bivariate analysis revealed no difference in many underlying comorbidities between cases and controls (Table [1](#CIU226TB1){ref-type="table"}). The only significant comorbidities were diabetes mellitus and end-stage renal disease (ESRD). Of the cases, 5 had ESRD requiring chronic hemodialysis compared with 5 of the controls (33% vs 7%; OR, 7; *P* = .012). The presence of cardiac disease, pulmonary disease, or active cancer was not statistically different between the 2 groups (Table [1](#CIU226TB1){ref-type="table"}). The median time from symptom onset to hospitalization was 3 days in both the cases and controls. The median duration of hospitalization to either discharge or death was 18 days for cases, and 5 days for controls.

At the time of admission, tachypnea (27% vs 60%; OR, 0.24; *P* = .031) and respiratory distress (15% vs 51%; OR, 0.15; *P* = .012) were less frequently seen among cases than controls (Table [1](#CIU226TB1){ref-type="table"}). The presence of fever, shortness of breath, wheezing, chest pain, cough, hemoptysis, sore throat, headache, myalgia, vomiting, and diarrhea was not statistically different between the 2 groups. A comparison of the mean of laboratory data for the cases and the controls is shown in Table [2](#CIU226TB2){ref-type="table"}. On admission, patients with MERS-CoV were more likely to have a normal white blood cell count (WBC) than the controls (82% vs 52%; OR, 4.33; *P* = .029). Cases were less likely to have leukocytosis than controls (12% vs 42%; OR, 0.18; *P* = .025) (Table [1](#CIU226TB1){ref-type="table"}). The level of lymphocytosis did not differ statistically between groups. Admission chest radiography showed the presence of interstitial infiltrates more frequently in cases than in controls (67% vs 20%; OR, 8.13; *P* = .001). An illustrative radiograph showing an interstitial infiltrate in a MERS-CoV--positive patient is shown in Figure [1](#CIU226F1){ref-type="fig"}. Blood and sputum cultures did not reveal any specific etiology of CAP in the MERS-CoV--negative patients. Table 2.Comparison of the Mean of Laboratory DataLaboratory FindingMERS-CoV Status95% CI of the Difference Between Means*P* ValuePositive (n = 17)Negative (n = 82)No.MeanNo.MeanMinimumMaximumWBC count within 1 d of onset158.977512.17−6.24−0.16.02\*Neutrophil %1572.077468.27−2.6310.23.87Band %151.13743.82−5.27−0.11.02\*Lymphocyte %1518.677417.3−2.755.49.74Lymphocyte count151.55741.93−0.910.15.08Eosinophil %150.33741.11−1.43−0.13.01\*Hematocrit1536.517435.88−3.74.96.61Platelet count15242.7375251.84−68.8550.63.38Creatinine153.29711.46−0.13.76.08Alanine aminotransferase1358.086242.19−21.5753.35.79Aspartate aminotransferase1394.316250.24−44.14132.28.82Lactate dehydrogenase13936.6961646.43−180.96761.48.87aPTT1339.6236320.1415.1.03\*International normalized ratio131.85391.17−0.171.53.07C-reactive protein510.161911.06−9.487.68.41[^4][^5]Figure 1.A portable anterior--posterior chest radiograph showing interstitial infiltrate in a patient with Middle East respiratory syndrome coronavirus infection.

Kaplan-Meier Analysis {#s3b}
---------------------

The mortality rate among cases was 76% compared with 15% among controls (*P* \< .001). The Kaplan-Meier survival curve, with right-censoring of patients who were alive at the end of the study period, is shown in Figure [2](#CIU226F2){ref-type="fig"}. At day 77, only 23% of cases were alive compared with 86% of the controls. Figure 2.Kaplan-Meier survival curve. Numbers on the lines represent the number of patients still alive at each day.

DISCUSSION {#s4}
==========

In this study, we identified a total of 17 patients who tested positive for MERS-CoV. To look for potential risk factors or predictors of the disease, we identified an additional 82 patients who met the case definition for suspected MERS-CoV but who ultimately tested negative for the disease. The 2 groups were similar in age and sex. The median age was 62 years for cases; the previously reported median age for cases was 50 years \[[@CIU226C14]\]. Male predominance of patients (65% in the cases vs 36% in the control group) did not reach statistical significance. Earlier studies showed male predominance, as in the current study. Most recent analysis showed a larger proportion of younger female cases with a reduction of the male-to-female ratio \[[@CIU226C15], [@CIU226C16]\]. One of the reasons for such a change in the epidemiology of the disease is the enhanced surveillance and detection of mildly symptomatic cases.

The clinical presentation of MERS-CoV infection was initially described to be severe, leading to pneumonia with acute respiratory distress syndrome (ARDS), septic shock, and multiorgan failure resulting in death \[[@CIU226C11], [@CIU226C12]\]. Subsequently, patients with mild or no symptoms were reported \[[@CIU226C16]\]. The initial presentation of the disease is not different than other causes of CAP \[[@CIU226C2], [@CIU226C7], [@CIU226C11], [@CIU226C12]\]. Some patients may have sore throat, chills, arthralgia, or myalgia \[[@CIU226C7], [@CIU226C11], [@CIU226C12], [@CIU226C17], [@CIU226C18]\]. In the current study, these symptoms were present in MERS-CoV--positive and MERS-CoV--negative patients at equal rates. Thus, these symptoms have poor discriminating power for MERS-CoV infection. At the time of admission, tachypnea and respiratory distress were less frequently seen among cases than controls (27% vs 60% and 15% vs 51%, respectively; Table [1](#CIU226TB1){ref-type="table"}). The exact reason for this difference is not known. Should this finding be confirmed in subsequent studies, it would be an important distinguishing characteristic.

Underlying comorbidities such as ESRD were identified as a risk factor for MERS-CoV infection \[[@CIU226C11], [@CIU226C12]\]. Diarrhea and vomiting were observed in 21%--33% of patients \[[@CIU226C7], [@CIU226C11], [@CIU226C12], [@CIU226C18]\]. In the current study, the presence of diarrhea or vomiting was present in 4%--7% of cases and controls. The observed rate of gastrointestinal symptoms was lower than those from previous studies and may be related to the small number of the included patients. The presence of vomiting and diarrhea in MERS-CoV patients has a significant impact on infection control measures \[[@CIU226C12], [@CIU226C19]\].

On admission, patients with MERS-CoV were more likely to have a normal WBC (82% vs 52%) than the control group and less likely to have leukocytosis than the cases (42% vs 12%).Thus, a normal WBC count on admission of patients with CAP may help in predicting MERS-CoV positivity. This suggests that many of the controls may have had bacterial pneumonia. However, blood and sputum cultures did not reveal any specific etiology of CAP in those patients.

Previously, lymphopenia was observed among MERS-CoV patients \[[@CIU226C1], [@CIU226C2], [@CIU226C7], [@CIU226C18]\]. We found no difference in the presence of lymphopenia among cases and controls. Elevation of LDH, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were observed in 49%, 15%--23%, and 11% of MERS-CoV patients, respectively \[[@CIU226C11], [@CIU226C12]\]. Consistent with these observations, we also found that MERS-CoV patients had elevation in LDH (47%), AST (53%), and ALT (18%). These findings were not specific for MERS-CoV patients and were observed similarly in the controls.

Admission chest radiography showed the presence of interstitial infiltrates more frequently in cases than in controls. Previous radiographic characteristics included bilateral infiltrates, or unilateral infiltrates \[[@CIU226C7], [@CIU226C8], [@CIU226C12], [@CIU226C17], [@CIU226C20]\]. The initial chest radiography of patients in the Zarqa, Jordan, hospital outbreak showed single-lobar, bilateral, or multilobar pneumonias \[[@CIU226C2]\]. On CT scan, characteristics of ARDS including interstitial infiltrates were seen in severe cases \[[@CIU226C7], [@CIU226C12]\]. The presence of interstitial infiltrates is compatible with the severe presentation of the cases and may be a marker for cardiac disease, as cardiomegaly was identified as a potential risk factor in the bivariate analysis.

In this study, the mortality rate of MERS-CoV patients was significantly higher than that in the control group. This finding is consistent with early findings of higher mortality among MERS-CoV patients \[[@CIU226C11], [@CIU226C12]\]. Subsequent analysis of the initial 133 cases revealed that the case fatality rate in the early period of the disease (April--June 2013) was higher than the fatality rate in the second period of the disease \[[@CIU226C16]\]. In another analysis, 53 of the 114 (46.5%) hospitalized patients died \[[@CIU226C14]\]. This difference is related to the identification of mild cases and asymptomatic cases. The mortality rate in MERS-CoV infections is also related to the number of underlying risk factors \[[@CIU226C12]\], 54% in those with 2 underlying conditions compared with 80% in those with 3--4 underlying conditions \[[@CIU226C12]\]. Of the 17 patients, 8 were linked epidemiologically to the previously described Al-Hasa outbreak \[[@CIU226C11]\]. This fact might explain the higher proportion of cases with underlying medical conditions.

MERS-CoV infection may result in mild to severe and fulminant infections, leading to ARDS requiring hospitalization \[[@CIU226C11], [@CIU226C12], [@CIU226C18], [@CIU226C21]\]. In the current study, the median time from symptom onset to hospitalization was 3 days in both the cases and controls. On the other hand, the median duration of hospitalization to discharge or death was 18 days for cases and 5 days for controls. In a previous analysis, the median time from symptom onset to hospitalization was 4 days, and the median time from admission to an intensive care unit or to death was 5 and 11.5 days, respectively \[[@CIU226C14]\]. One patient was treated with extracorporeal membrane oxygenation and died after 298 days of symptom onset \[[@CIU226C17]\]. There is no proven effective therapy for MERS-CoV infection. The available therapies were based on the analysis of treatment of patients with severe acute respiratory syndrome \[[@CIU226C22], [@CIU226C23]\]. Recently, the use of interferon and ribavirin combination in MERS-CoV did not result in an improved outcome, as many patients presented late in their illness \[[@CIU226C24]\].

There are several limitations to our study. First, the small number of cases limits our ability to detect discriminant factors on presentation. Second, the retrospective nature of the study may also limit the power of the study to identify clinical predictors. Third, the inclusion of patients from the Al-Hasa outbreak may have contributed to the absence of significance of predictors of MERS-CoV and may explain why there were high proportions of ESRD and diabetic patients among our cases. One of the strengths of our study is ascertainment of cases and controls through the master list that included all cases admitted to rule out MERS-CoV infection during the study period. In conclusion, the results suggest that few clinical predictors could enhance the ability to predict which patients with CAP would have MERS-CoV. However, further prospective analysis and matched case-control studies may shed light on the possible predictors of infection.
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[^1]: Data are No. (%) unless otherwise indicated.

[^2]: Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval: ICU, intensive care unit; LDH, lactate dehydrogenase; n/a, not applicable; SD, standard deviation.

[^3]: \*Represents significant variables.
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